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(57)  Thisapplication provides a method for determin-
ing a precoding matrix set, so as to avoid a case in which
a relatively large quantity of precoding matrices in a pre-
coding matrix set cannot be used, thereby improving sys-
tem performance. The method includes: receiving, by a
terminal device, indication information; and determining,
by the terminal device based on the indication informa-
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tion, a second precoding matrix set from a first precoding
matrix set whose rank is R, where each precoding matrix
W in the first precoding matrix set satisfies W = W, X
W,, the second precoding matrix set is a proper subset
of the first precoding matrix set, and the second precod-
ing matrix setdoes notinclude W =W, X W, that satisfies
the specific condition in the first precoding matrix set.

A network device sends indication information to a terminal,
where the indication information includes indication
information of S sets Dy to Ds.|, Dg to Ds.j are respectively in —~_ S210
one-to-one correspondence with Cy to Cs.y, any vector in C
belongs to B, Dj is a proper subset of Ag, S—1>j>0, and j is
an integer

The terminal device determines, based on the indication
information, a second precoding matrix set from a first
precoding matrix set whose rank is R

~_ 5220

The network device sends a CSI-RS to the terminal device ™\ S230

The terminal device determines a channel matrix based on the
CSI-RS. and determines, based on the channel matrix, a first ~~_ §240
PMI used to indicate W, and a second PMI used to indicate W>

FIG 2
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Description

[0001] This application claims priority to Chinese Patent Application No. 201710687817 .4, filed with the Chinese Patent
Office on August 12, 2017 and entitled "METHOD FOR RESTRICTING PRECODING MATRIX SUBSET AND TRANS-
MISSION APPARATUS", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the communications field, and more specifically, to a method for determining a
precoding matrix set and a transmission apparatus.

BACKGROUND

[0003] A manner of restricting a precoding matrix subset in a Long Term Evolution (long term evolution, LTE) system
is restricting vectors that can be selected for W,. To be specific, a network device notifies a terminal of vectors that can
be used by the terminal. If a specific vector is restricted, for example, a first vector is restricted, the first vector cannot
appear in W, when the terminal selects a precoding matrix. However, because vectors close to the first vector have
relatively strong energy in a direction of the first vector, the network device usually cannot restrict use of only the first
vector but also needs to restrict the vectors close to the first vector. If a prior-art method is used, vectors close to (or
near) the first vector cannot appear in W4, either. In this case, a relatively large quantity of precoding matrices cannot
be used, and consequently, system performance deteriorates.

[0004] Inthe New Radio Access Technology (New Radio Access Technology, NR), a type Il (Type Il) precoding matrix
is defined: W = W, X W,. Currently, no technology is related to a solution for restricting a precoding matrix subset of
the Type Il precoding matrix W = W, X W,. However, if the manner of restricting a precoding matrix in the LTE system
is used, a relatively large quantity of precoding matrices cannot be used, and consequently, system performance dete-
riorates.

SUMMARY

[0005] This application provides a method for determining a precoding matrix set, so as to avoid a case in which a
relatively large quantity of precoding matrices in a precoding matrix set cannot be used, thereby improving system
performance.

[0006] According to a first aspect, a method for determining a precoding matrix set is provided, including:

receiving, by a terminal device, indication information; and

determining, by the terminal device based on the indication information, a second precoding matrix set from a first
precoding matrix set whose rank is R, where

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of N; rows and R

X 0

columns, N is greater than or equal to R, W, satisfies W, = X=[by, by, 1, by;is an Ny/2X1 vector,
b

X

bk,. belongs to a vector set B = {by, b4, ---, b74}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix
of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x,y)= p(())y—l X Do e ngy—l ., an element Wy(x+M.,y) in row x+M and column y of W, satisfies

0 1 2 0 . ’ .
W, (x+M,y)= Diyix1XDPiyas1 X Piyix1s Pzy1xq i afirst product factor, Dryryg 8@ second

product factor, plzyil . is a third product factor, 0 < x <M, 0 <y <R, a value range of pzo,yfl,xfl isasetAg z

0 0 ; 1 1 ;
belongs to {0,1}, 1 > D, >0, Poyixa is a real number, 1 > Depiea = 0, P.p1.1 is a real

,y—1,x-1

2 . .
number, and D, is a complex number whose modulus is 1;

y—1,x-1
the indication information includes indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in one-to-
one correspondence with ¢q to ¢ 4 in a vector set C = {c, ¢4, -, €51}, any vector ¢;in C belongs to B, D;is a proper
subset of Ajg, S-12>j2>0, and j is an integer; and
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the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding matrix
set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector included in X of W, is the vector ¢;, and a first product factor pgyil .y of atleast one of

elements in row x and row x+M of W, belongs to D;.

[0007] According to the method for determining a precoding matrix set in this application, a case in which a relatively
large quantity of precoding matrices in a precoding matrix set cannot be used can be avoided by restricting product
factors in W, that correspond to vectors instead of directly prohibiting use of a beam vector, thereby improving system
performance.

[0008] According to a second aspect, a method for determining a precoding matrix set is provided, including:

generating, by a network device, indication information, where the indication information is used by a terminal device
to determine a second precoding matrix set from a first precoding matrix set whose rank is R; and

sending, by the network device, the indication information, where

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of N; rows and R

(X 0
1o x|

bk,. belongs to a vector set B = {bg, b4, -, by4}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix

columns, N, is greater than or equal to R, W, satisfies X=[by, = by, I by is an Ny/2x1 vector,

of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x,y)= p(())y—l X Do i ngy—l .., anelement Wy(x+M,y) in row x+M and column y of W, satisfies

_ 0 1 2 0 . 1 .
W, (x+M,y)= Dryter X Pryaes X Piyaxi> Doy i8afirstproduct factor, p. ., is a second

product factor, piyil,x is a third product factor, 0 < x < M, 0 <y <R, a value range of pg ydzt isasetAy, z

-1
0
0 . 1 1 .
belongs to {0,1}, 1 > Deyixa = 0, D- 151 is areal number, 1 > Poyiana = 0, - is a real

number, and p2 - is a complex number whose modulus is 1;
z,y—Lx—

the indication information includes indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in one-to-
one correspondence with ¢, to cg 4 in a vector set C ={c, ¢4, -+, €54}, any vector c in C belongs to B, D/-is a proper
subset of Ag, S-12>j2>0, and j is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding matrix
set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector included in X of W,, is the vector c and a first product factor pzoyil o of at least one of
elements in row x and row x+M of W, belongs to D;.

[0009] According to the method for determining a precoding matrix set in this application, a case in which a relatively
large quantity of precoding matrices in a precoding matrix set cannot be used can be avoided by restricting product
factors in W, that correspond to vectors instead of directly prohibiting use of the vector, thereby improving system
performance.

[0010] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, the indication information of the S sets D to Dg_4 includes S bit fields, the S bit fields are in one-to-one
correspondence with Dy to Dg_4, each bit field includes atleast one bit, a bit field corresponding to D;indicates an element
gj of Ag, and any element of D; is greater than g;.

[0011] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, any vector G of C and any element D/ v) of D/- satisfy the following condition:

D,m)xlb,, } e, |> &,

where bfh is a vector of B, k, > 0, k,, is a real number, H>h>1,T-1>f,>0,H>1, and His an integer.
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[0012] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, C includes at least M mutually orthogonal vectors, and any M mutually orthogonal vectors ¢;

P
o “rr
Cj., and elements D;(vo), D, (v4), -, D, ,(vps4) satisfy the following condition:

2 2 2
‘Djo(vo)x(bfh)ﬁxcjo| +‘Djl(v1)><(bfh)ﬁ ><ch| oD,y x, ><ch71|

|Dj0 (VO)‘2 "'|Dj1 (Vl)|2 + ”'+‘DjM71 ("M—l)‘2

>k,

D.

where D; (vg), Dy (v4), -, Dj,,(vpsq) are elements of sets D;;, D; i1

arealnumber, H>h>1,T-1>f,>20,H>1,and His an i/r?teg/ér.
[0013] Inthis manner, atleast M orthogonal vectors are simultaneously restricted. Because X in W1 includes M vectors,
this manner actually restricts the M vectors included in W1. Because a codebook is formed by a linear combination of
the vectors in W1, this manner can achieve more accurate restriction of the codebook.

[0014] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, the indication information of the S sets D to Dg_¢ includes H bit fields, and an hth bit field is used to
indicate k;,.

[0015] In this manner, the vector set C and D; can be determined by using indication information including a relatively
small quantity of bits. In an extreme case, at least two vectors and DJ- that corresponds to each of the at least two vectors
can be determined by using only one bit field (H = 1).

[0016] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, the indication information further includes indication information of the vector set C, the indication infor-
mation of the vector set C is T bits, the T bits are in one-to-one correspondence with T vectors included in B, and a tth
bit in the T bits is used to indicate whether a vector b, { belongs to the vector set C, where 1 <t<T.

[0017] In this manner, a bitmap of the T bits is used to determine a restricted vector, and the indication information of
the S sets D to Dg_¢ includes only S or H bit fields. In this way, when S is relatively small, a quantity of bits required for
indicating the S sets D to Dg_4 can be reduced.

[0018] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the
second aspect, the indication information of the S sets D, to Dg_ is further used to indicate the vector set C, the indication
information of the S sets Dy to Dg_4 is T bit fields, the T bit fields are in one-to-one correspondence with T vectors included
in B, each of the T bit fields includes E bits, E is greater than or equal to 1, and a tth bit field in the T bit fields is used to
indicate whether a vector b, belongs to the vector set C, where 1 <t<T.

[0019] With reference to the first aspect or the second aspect, in a possible implementation of the first aspect or the

respectively, bfh is a vector of B, k,, 2 0, k;, is

. is asetAy;

the indication information further includes indication information of S sets E( to Eg_4, E to Eg_4 are respectively in one-
to-one correspondence with ¢, to ¢g_4 in the vector set C = {c, ¢4, =, €54}, and E; is a proper subset of A; and

the second precoding matrix set still does not include W = W, X W, that satisfies the following condition in the first
precoding matrix set:

second aspect, a value range of p; ol

the xth column vector included in X of W, is the vector c, and a second product factor pi i of at least one element

of the elements in row x and row x+M of W, that corresponds to ¢; belongs to E;.

[0020] According to the method in this embodiment of this application, more refined codebook restriction can be
achieved by restricting both a wideband amplitude and a subband amplitude.

[0021] According to a third aspect, a communications apparatus is provided, and the communications apparatus has
functions of implementing the terminal device in the method designs of the first aspect. These functions may be imple-
mented by hardware, or may be implemented by hardware executing corresponding software. The hardware or software
includes one or more units that correspond to the foregoing functions.

[0022] According to a fourth aspect, a communications apparatus is provided, and the communications apparatus has
functions of implementing the network device in the method designs of the second aspect. These functions may be
implemented by hardware, or may be implemented by hardware executing corresponding software. The hardware or
software includes one or more units that correspond to the foregoing functions.

[0023] According to a fifth aspect, a communications apparatus is provided, including a transceiver, a processor, and
a memory. The processor is configured to control the transceiver to send and receive signals; the memory is configured
to store a computer program; and the processor is configured to invoke the computer program from the memory and
run the computer program, so that a terminal device performs the method according to the first aspect.

[0024] According to a sixth aspect, a communications apparatus is provided, including a transceiver, a processor, and
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a memory. The processor is configured to control the transceiver to send and receive signals; the memory is configured
to store a computer program; and the processor is configured to invoke the computer program from the memory and
run the computer program, so that a network device performs the method according to the second aspect.

[0025] Accordingto aseventh aspect, a computer program productis provided, the computer program product includes
computer program code, and when the computer program code runs on a computer, the computer performs the methods
according to the foregoing aspects.

[0026] According to an eighth aspect, a computer readable medium is provided, the computer readable medium stores
program code, and when the computer program code runs on a computer, the computer performs the methods according
to the foregoing aspects.

[0027] According to a ninth aspect, a chip system is provided, and the chip system includes a processor, and is used
by a communications apparatus to implement functions in the foregoing aspects, such as generating, receiving, sending,
or processing data and/or information related to the foregoing methods. In a possible design, the chip system further
includes a memory, and the memory is configured to store a program instruction and data that are necessary for a
terminal device. The chip system may include a chip, or may include a chip and another discrete device.

[0028] According to a tenth aspect, a chip system is provided, and the chip system includes a processor, configured
to supporta communications apparatus in implementing functions in the foregoing aspects, such as generating, receiving,
sending, or processing data and/or information related to the foregoing methods. In a possible design, the chip system
further includes a memory, and the memory is configured to store a program instruction and data that are necessary for
a network device. The chip system may include a chip, or may include a chip and another discrete device.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

FIG. 1 is a schematic architectural diagram of a mobile communications system applied to an embodiment of this
application;

FIG. 2 is a schematic flowchart of a method for determining a precoding matrix set according to an embodiment of
this application;

FIG. 3 is a schematic block diagram of a transmission apparatus according to an embodiment of this application;
FIG. 4 is a schematic block diagram of a transmission apparatus according to an embodiment of this application;
FIG. 5 is a schematic block diagram of a transmission apparatus according to another embodiment of this application;
and

FIG. 6 is a schematic block diagram of a transmission apparatus according to still another embodiment of this
application.

DESCRIPTION OF EMBODIMENTS

[0030] The following describes the technical solutions of this application with reference to the accompanying drawings.
[0031] The technical solutions of the embodiments of this application may be applied to various communications
systems, such as: a Global System for Mobile Communications (Global System of Mobile communication, GSM) system,
a Code Division Multiple Access (Code Division Multiple Access, CDMA) system, a Wideband Code Division Multiple
Access (Wideband Code Division Multiple Access, WCDMA) system, a general packet radio service (General Packet
Radio Service, GPRS) system, a Long Term Evolution (Long Term Evolution, LTE) system, an LTE frequency division
duplex (Frequency Division Duplex, FDD) system, an LTE time division duplex (Time Division Duplex, TDD) system, a
Universal Mobile Telecommunications System (Universal Mobile Telecommunication System, UMTS), a Worldwide
Interoperability for Microwave Access (Worldwide Interoperability for Microwave Access, WiMAX) communications sys-
tem, a future 5th generation (5th Generation, 5G) system, or a new radio (New Radio, NR) system.

[0032] FIG. 1is a schematic architectural diagram of a mobile communications system applied to an embodiment of
this application. As shown in FIG. 1, the mobile communications system includes a core network device 110, an access
network device 120, and at least one terminal (such as a terminal device 130 and a terminal device 140 in FIG. 1). The
terminal is connected to the access network device 120 in a wireless manner, and the access network device 120 is
connected to the core network device 110 in a wireless or wired manner. The core network device 110 and the access
network device 120 may be different independent physical devices, or functions of the core network device 110 and
logical functions of the access network device may be integrated into a same physical device, or one physical device
may integrate some functions of the core network device 210 and some functions of the access network device 120.
The terminal may be at a fixed location, or may be mobile. FIG. 1 is merely a schematic diagram, and the communications
system may further include another network device, for example, may further include a wireless relay device and a
wireless backhaul device (which are not drawn in FIG. 1). This embodiment of this application imposes no limitation on
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quantities of core network devices, access network devices, and terminals included in the mobile communications system.
[0033] Theterminalin this embodiment of this application, such as the terminal 130 or the terminal 140, may be referred
to as user equipment (User Equipment, UE), a terminal device, an access terminal, a subscriber unit, a subscriber
station, a mobile station, a remote station, a remote terminal, a mobile device, a user terminal, a wireless communications
device, a user agent, a user apparatus, or the like. The terminal may alternatively be a cellular phone, a cordless phone,
a Session Initiation Protocol (Session Initiation Protocol, SIP) phone, a wireless local loop (Wireless Local Loop, WLL)
station, a personal digital assistant (Personal Digital Assistant, PDA), a handheld device or a computing device having
a wireless communications function, another processing device connected to a wireless modem, an in-vehicle device,
or a wearable device, a terminal in a future 5G network, a terminal in a future evolved public land mobile network (Public
Land Mobile Network, PLMN), or the like. This is not limited in this embodiment of this application.

[0034] A network device in this embodiment of this application, such as the access network device 120, may be a
device configured to communicate with the terminal. The network device may be a base transceiver station (Base
Transceiver Station, BTS) in a Global System for Mobile Communications (Global System of Mobile communication,
GSM) orin Code Division Multiple Access (Code Division Multiple Access, CDMA), a NodeB (NodeB, NB) in a Wideband
Code Division Multiple Access (Wideband Code Division Multiple Access, WCDMA) system, an evolved NodeB (Evo-
lutional Node B, eNB or eNodeB) in a Long Term Evolution (Long Term Evolution, LTE) system, or a wireless controller
in a cloud radio access network (Cloud Radio Access Network, CRAN) scenario. Alternatively, the network device may
be arelay station, an access point, an in-vehicle device, a wearable device, a network device in a future 5G network, a
network device in a future evolved PLMN network, or the like. This is not limited in this embodiment of this application.
[0035] A manner of restricting a precoding matrix subset in an LTE system is restricting vectors that can be selected
for W. To be specific, a network device notifies a terminal of vectors that can be used by the terminal. If a specific vector
is restricted, for example, a first vector is restricted, the first vector cannot appear in W, when the terminal selects a
precoding matrix. However, because vectors close to the first vector have relatively strong energy in a direction of the
first vector, the network device usually cannot restrict use of only the first vector but also needs to restrict the vectors
close to the first vector. If a prior-art method is used, vectors close to (or near) the first vector cannot appear in Wy,
either. In this case, a relatively large quantity of precoding matrices cannot be used, and consequently, system perform-
ance deteriorates.

[0036] Inthe New Radio Access Technology (New Radio Access Technology, NR), a type Il (Type Il) precoding matrix
is defined: W = W, X W,. Currently, no technology is related to a solution for restricting a precoding matrix subset of
the Type Il precoding matrix W = W, X W, If the manner of restricting a precoding matrix in the LTE system is used, a
relatively large quantity of precoding matrices cannot be used, and consequently, system performance deteriorates.
[0037] In view of this, this application provides a method for determining a precoding matrix set. A case in which a
relatively large quantity of precoding matrices in a precoding matrix set cannot be used can be avoided by restricting
product factors in W, that correspond to vectors instead of directly prohibiting use of the vector, thereby improving system
performance.

[0038] The method for determining a precoding matrix set in an embodiment of this application may be applied to the
Type Il precoding matrix W in the NR, or applied to a precoding matrix W that satisfies the following condition:

W =W, X W,, where W is a matrix of N; rows and R columns, N, is a quantity of antenna ports, N, is greater than
or equal to R, R is a value of a rank, and W, satisfies the following:

X 0
W, =
0 X

where X = [by, - by, ], by, is an N/2X1 vector, by, belongs to a vector set B = {by, b4, -, br_4}, T is a quantity of
vectors in B, T > M, and T is an integer; and

W, is a matrix of 2M rows and R columns, an element W5(x,y) in row x and column y of W, satisfies

0 1 2 . .,

W, (x, y) = Do y1,51 X Poy1xa X Poyi.a, anelement Wy(x+M,y) in row x+M and column y of W, satisfies

W (x +M )— 0 x p) x p? 0 is a first product factor, p! is a second
2 s V)= Py X Pryaxa X Piyaxas  Poyaxa P v Pryaxa

isasetAy, z

2
product factor, pl,y,l,x,l is a third product factor, 0 <x <M, 0 <y <R, a value range of pzo N

0 . 1 1 .
belongs to {0,1}, 1> pZO it > 0, pz,yfl,xfl is a real number, 1 > pz,y,l,x,l > 0, pz,y,l,x,l is a real
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number, and p2 - is a complex number whose modulus is 1.
z,y—Lx—

[0039] For a precoding matrix set (denoted as a first precoding matrix set) including the precoding matrix W that
satisfies the foregoing condition, according to the method for determining a precoding matrix set in this application, a
terminal device may determine, from the first precoding matrix set based on indication information sent by a network
device, a second precoding matrix set that can be used.

0040] In this application, 0 may represent a wideband amplitude, 7?2 may represent a subband
pz pl,y—l,x—

,y—Lx-1 1

amplitude, and pzzyfl . Mmay represent a phase. The phase is represented by a complex number whose modulus is

1. When the element W,(x,y) in row x and columny of W,, is represented only by a product of poo i and po2 Yyl ds

it may be considered that ! — 1 Likewise, for W,(x+M,y), when W,(x+M,y) is represented only by a product of
Po 1 . 2 2

,y—1,x-1

plo,yil,xil and the phase pf’yfl,xfl , pll,yil,kl =1.

[0041] FIG. 2is a schematic flowchart of a method for determining a precoding matrix set according to an embodiment
of this application. The method may be applied to the precoding matrix W described above. The following describes,
with reference to FIG. 2, in detail the method for determining a precoding matrix set in this embodiment of this application.
[0042] S210. A network device sends indication information to a terminal.

[0043] The indication information includes indication information of S sets D to Dg 4. D, to Dg_4 are respectively in
one-to-one correspondence with C, to Cg_¢, any vector c; in C belongs to B, D/- is a proper subset of Ag, S-12j20,
and j is an integer.

[0044] S220. The terminal device determines, based on the indication information, a second precoding matrix set from
a first precoding matrix set whose rank is R.

[0045] The second precoding matrix setis a proper subset of the first precoding matrix set, and the second precoding
matrix set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xt column vector included in X of W,, is the vector c, and a first product factor pzo R of at least one of elements

in row x and row x+M of W, belongs to D,.
[0046] Specifically, the terminal device can determine, based on the indication information sent by the network device,
D, to Dg_4 that are in one-to-one correspondence with ¢ to ¢g ¢ in the vector set C. The terminal device determines,

based on the vector set C and the sets Dy to Dg_4, that if the xt" column vector included in X of W = W, X W, in the first

precoding matrix set is the vector ¢; and the first product factor pg R of at least one of elements in row x and row

x+M of W, belongs to D;, then W = W, X W, is a prohibited precoding vector. In other words, the precoding vector

cannot be used. After the prohibited precoding vector is removed from the first precoding matrix set, remaining precoding
vectors form the second precoding matrix set. Alternatively, the terminal device determines, based on the vector set C
and the sets Dy to Dg_4, that if X in W = W, X W,, does not belong to the vector set C, or the xth column vector included

in X of W =W, X W, is the vector c; but the first product factor pz0 41,01 Of both the elements in row x and row x+M

of W, do not belong to D;, then W = W, X W, belongs to the second precoding matrix set.

[0047] According to the method for determining a precoding matrix set in this application, a case in which a relatively
large quantity of precoding matrices in a precoding matrix set cannot be used can be avoided by restricting product
factors in W, that correspond to vectors instead of directly prohibiting use of the vector, thereby improving system
performance.

[0048] The following describes this embodiment of this application by using

4y = 1,4/0.5,4/0.25,4/0.125,/0.0625,+/0.0313,/0.0156,0} as an example.

[0049] For example, R =1and T = 32. Because T = 32, B = {by, b4, -, b3¢}. The vector set C is C = {b,, b4, and a

set corresponding to by is D0 = {1,\/0_5}, a set corresponding to by is D1 — {1,,/0‘5,,/0‘25 }, and elements of

Dg do notinclude /O. 125 and /0‘25 _ Assuming that, in a first codebook set, a precoding matrix (denoted as W)
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satisfies W' = VV11 X Wz1 , another precoding matrix (denoted as W?) satisfies W2 — le % sz , and:

(DYoo Phoo Pano | | Y05 DiooPioo |

{bo b, 0 } wi_| Phon Poor oo V025 py, - Poos
0 by b " 7 | pliyPleoPloe | | VOS5 plag- Pl

_p10,o,1 'pll,o,l 'p12,0,1 i _m'pf,m 'p12,0,1_

[ Pooo Pooo Paoo | | V0125 Dhoo- Pooo |
PoosPoos Poor | | V0.0625- poy,- oo,
Ploo Proo Piao | | V0125 ploy- ploo

| Plos Pios Proy | _m Pros Pros

[0050] Therefore, W' may be expressed as follows:

0 1 2 0 1 2
by x (Po,o,o *P0,0,0 * P0,0,0 )} + Ph x (p0,0,1 * Po,o,1 ‘p0,0,1)

W' =W xW, = 0 1 2 0 1 2
b. x . . b. x . .
0 1,0,0 “ P1,00 * P1,0,0 1 1,0,1 * P1,0,1 " P10,

[0051] W2 has a same expression form. Correspondences exist between a vector by and first product factors P(())o 0
and PE0,0 , between b, and second product factors p(l),o,o and Pll,o,o , and between by and third product factors pg,o,o

and p12,0,0- Correspondences exist between a vector b, and the first product factors p8,0,1 and p10,o,1 , between b,

and the second product factors pé oy and p110 L and between b4 and the third product factors pém and me .

[0052] For W1, a vector by in column 1 of VV11 belongs to the vector set C, and a product factor /O 5 of elements
in row 1 of Wz1 belongs to D. Therefore, it may be determined that the second precoding matrix set does not include
W1, In other words, W' does not belong to the second precoding matrix set.

[0053] For W2, although a vector by in column 1 and column 3 of le belongs to the vector set C, a product factor
/O. 125 ofelementsinrow 1 and row 3 of sz does not belong to D,. A vector b, in column 2 and column 4 of le

belongs to the vector set C, but neither a product factor /0.0625 nor a product factor /0 125 of elements in row

2 and row 4 of sz belongs to D4. Therefore, it may be determined that W2 belongs to the second precoding matrix set.

[0054] It should be understood that the foregoing W' and W2 are a specific example of a matrix that satisfies W = W,

X W, in the first precoding matrix set, VV11 and le are two specific examples of W,, and Wz1 and sz are two

specific examples of W,

[0055] The following describes in detail the indication information sent by the network device.

[0056] The following describes in detail several possible formats of the indication information (denoted as indication
information #1) of the S sets Dy to Dg_4. It should be understood that a manner of determining the vector set C by the
terminal device is not limited in this embodiment of this application.
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Format 1

[0057] Indication information #1 includes S bit fields, the S bit fields are in one-to-one correspondence with Dy to Dg_4,
each bit field includes at least one bit, and a bit field corresponding to D; indicates an element (denoted as gj) of Ay. Any
element of D/- is greater than gj-

[0058] For example, the terminal device may determine, based on the indication information, that the vector set C
satisfies: C = {c(, €4, **, €54} = {bg, by, -, bg} and S = 7. The indication information sent by the network device includes
seven bit fields (denoted as a bitfield #1 to a bit field #7). The bit field #1 to the bit field #7 are in one-to-one correspondence
with seven vectors in the vector set C. To be specific, the bit field #1 corresponds to b, the bit field #2 corresponds to
b, ..., and the bit field #7 corresponds to bg. Each bit field includes three bits, and each bit field indicates an element of
Ay. The terminal device can determine D, to Dg based on the bit field #1 to the bit field #7. Description is given with
reference to Table 1.

Table 1
by b, b, b, b, bs bg
Bit field #1 Bit field #2 Bit field #3 Bit field #4 Bit field #5 Bit field #6 | Bitfield#7
[00 1] [010] [011] [100] [101] [110] [111]
J0.0156 | 40.0313 | +0.0625 | 0.125 | Yo.25 | Jo.5 |1

[0059] Referring to Table 1, the bit field #1 is 001, indicating an element /O 0156 of Ag. All elements greater than

A0. 0156 inAgform D, that is:

D, = {1,4/0.5,+/0.25,+/0.125,+/0.0625,/0.0313

[0060] Likewise, Dy to Dg may be determined respectively based on the bit field #2 to the bit field #5.

[0061] In the prior art, usually a bitmap manner is used for indication. In the present invention, the bitmap manner may
be used to indicate each available amplitude of each restricted vector. For example, if AO has eight amplitudes to be
selected, each vector needs eight bits to indicate a restricted amplitude of the vector. However, in the present invention,
once an amplitude is restricted for use, usually all amplitudes greater than or equal to the amplitude are restricted for
use. Therefore, a manner of indicating one of amplitudes of A0 may be used for restriction. In this way, each vector
needs only three bits to determine a restricted amplitude value of the vector.

Format 2

[0062] A, includes F elements. Indication information #1 includes S bit fields, the S bit fields are in one-to-one corre-
spondence with D, to Dg_4, each bit field includes F bits, and the F bits are used respectively to indicate the F elements
of Ag. In the F bits of a bit field corresponding to D;, an element of A indicated by a bit that is 0 or 1 belongs to D;.

[0063] For example, the terminal device may determine, based on the indication information, that the vector set C
satisfies: C = {c(, ¢4, -, €51} = {bg, b4, -, bg}, S =7, and F = 8. The indication information #1 includes seven bit fields
(denoted as a bit field #1 to a bit field #7). The bit field #1 to the bit field #7 are in one-to-one correspondence with seven
vectors in the vector set C. To be specific, the bit field #1 corresponds to by, the bit field #2 corresponds to by, ..., and
the bit field #7 corresponds to bg. Each bit field includes eight bits. In an order from a most significant bit to a least
significant bit, bits of a bit field respectively indicate a first element to an eighth element of A0. A value indicated by a
bit that is 0 or 1 belongs to D;. For example, if a bit that is 0 indicates that a value indicated by the bit belongs to D;, D
to Dg may be determined based on the bit field #1 to the bit field #7. Description is given with reference to Table 2.

Table 2
by b, b, bs b, bg bg
Bit field #1 | Bit field #2 | Bit field #3 | Bit field #4 | Bit field #5 | Bit field #6 | Bit field #7
11000000 | 11100000 | 11100000 | 11010000 | 00001100 | 00000110 | 11011000
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[0064] Referring to Table 2, the bit field #1 is 11000000. It may be determined that a set D, corresponding to the bit

field #1is D = {1,1/0.5,\/0_25,40.125,J0_0625,Jo_o313}. If the bit field #2 is 11100000, it may be deter-

mined that a set D, corresponding to the bit field #2 is D, = {1 [05.4025.4/0.125 \/0.0625} _ Likewise, D,

to Dg may be determined respectively based on the bit field #3 to the bit field #7.

[0065] For the foregoing Format 1 and Format 2, further, the indication information of the S sets D, to Dg 4 is T bit
fields, the T bit fields correspond to T vectors in a vector set B, and S < T. A tth bit field in the T bit fields is used to
indicate whether a vector b; belongs to the vector set C, where 0 <t<T - 1. S bit fields in the T bit fields determine both
S vectors in the vector set C and D to Dg_4.

[0066] For example, in the foregoing Format 1, a tth bit field in the S bit fields is 111. A value determined by the bit
field is 1, indicating that all elements of A, can be used. Therefore, it may be determined that a vector b, 4 does not
belong to C.

[0067] Optionally, the indication information #1 may further include indication information (denoted as indication in-
formation #2) of the vector set C. The indication information #2 includes T bits, the T bits are in one-to-one correspondence
with T vectors included in B, and a tth bit in the T bits is used to indicate whether a vector b, 4 belongs to the vector set
C,where 1 <t<T.

[0068] Forexample, T =8, the indication information #2 includes eight bits, the eight bits, in an order a most significant
bit to a least significant bit, respectively correspond to by, b4, ---, b7, and a bit that is 0 indicates that the vector by, belongs
to the vector set C. If the indication information #2 is 00111111, it may be determined that by and b belong to the vector
set C.

[0069] It should be understood that the indication information #2 herein is different from the indication information #1.
[0070] Optionally, the indication information may be used to indicate by, and k;, the terminal may determine the vector
set C and the sets D to Dg 4 based on by, and k;,, and further the terminal may determine the second precoding matrix
set. For example, the terminal may determine C and the sets D to Dg_¢ based on by, and k;, in the following two manners.

Manner 1

[0071] Any vector c of C and any element D/-(v) of D/- satisfy the following condition:

D,m)xlb,, } e, |> &,

where bfh is a vector of B, kj, 2 0, ky, is a real number, H>h>1,T-1>f,20,H>1, and H is an integer.

[0072] Specifically, the terminal device can obtain by, and ky, based on the indication information sent by the network
device; determine, based on by, and k;, the vector set C and the sets D, to Dg_4 that satisfy the foregoing relational
expression; and then determine the second precoding matrix set.

Manner 2

[0073] C includes at least M mutually orthogonal vectors, and any mutually M orthogonal vectors c; and

o' G177 Cius
elements Dj(vp), Dj(v4), -+, Djy,.4(visq) satisfy the following condition:

2 2 2
‘Djo(vo)x(bfh)ﬁxcjo| +‘Djl(v1)><(bfh)ﬁ ><ch| oD,y x, ><ch71|

|Dj0 (VO)‘2 "'|Dj1 (Vl)|2 + ”'+‘DjM71 ("M—l)‘2

>k,

D.

where D; (vg), Dy (v4), -, D}, ,(vps.q) are elements of sets D;;, D; i1

arealnumber, H>h>1,T-1>f,>20,H>1,and His an i/r?teg/ér.
[0074] Specifically, the terminal device can obtain by, and ky, based on the indication information sent by the network
device; determine, based on by and k,, the vector set C and the sets D, to Dg_4 that satisfy the foregoing relational
expression; and then determine the second precoding matrix set.

[0075] Inthis manner, atleast M orthogonal vectors are simultaneously restricted. Because X in W1 includes M vectors,
this manner actually restricts the M vectors included in W1. Because a codebook is formed by a linear combination of
the vectors in W1, this manner can achieve more accurate restriction of the codebook.

[0076] For example, T = 8, the vector set B includes eight vectors by, by, -, b7, and M = 2, where the vector b is

respectively, bfh is a vector of B, k,, 2 0, k;, is
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orthogonal to the vector by, the vector b, is orthogonal to bg, the vector b, is orthogonal to bg, and the vector b, is
orthogonal to the vector b;. The network device notifies the terminal device of by, = b, ky = 0.5, and H = 1 by using the
indication information; and the terminal device sequentially substitutes (bg, bs), (b4, bs), (by, bg), and (b3, b;) into the
formula in Manner 2. The following uses (b, bs) as an example:
[0077] A first product factor corresponding to b is ag, a first product factor corresponding to b, is a4, ay belongs to
Ay, and a4 belongs to A If
2 2
‘ao x(bo )" Xbo‘ + ‘01 x(bo )" Xb1‘
>0.5,

2 2
jag|” +]ai]

the vectors by and by belong to C, ay belongs to Dy, and a4 belongs to D4. All first product factors in A are traversed.
All a satisfying the foregoing formula belong to the set D, and all a, satisfying the foregoing formula belong to the set D;.
[0078] (b4, bs), (by, bg), and (bs, by) are traversed, and all first factors in A, that correspond to each pair of orthogonal
vectors are traversed. Vectors satisfying the foregoing formula belong to the set C, and afirst product factor corresponding
to each vector and satisfying the condition belongs to a set D; corresponding to the vector.

[0079] The following specifically describes how the terminal device determines by, and ki,

[0080] Optionally, the indication information sent by the network device may include indication information (denoted
as indication information #3) of ky,.

[0081] In a possible implementation, the indication information #3 may include H bit fields, and an ht" bit field in the
H bit fields is used to indicate k,.

[0082] For example, k,, € {1,0.5,0.25,0}. Each bit field includes two bits used to indicate a value of {1,0.5,0.25,0}.
Assuming that H = 6, six bit fields included in the indication information are denoted as a bit field #1 to a bit field #6.
Description is given with reference to Table 3.

Table 3
Bitfield#1 | Bitfield#2 | Bitfield#3 | Bitfield#4 | Bitfield#5 | Bitfield#6
00 01 10 11 10 11
0 0.25 0.5 1 0.5 1

[0083] The bit field #1 to the bit field #6 respectively indicate k; = 0, k, = 0.25, k3 = 0.5, k; =1, k5 = 0.5, and kg = 1.
In the vector set B, an f;-1th vector, an f,-1th vector, an f5-1th vector, an f,-1t vector, an f5-1t vector, and an fg-1t vector
are bf1, bfz, bfa, bf4, bf5, bf6 respectively, which correspond to the bit field #1, the bit field #2, the bit field #3, the bit field
#4, the bit field $5, and the bit field #6. For example, for the bit field #2 corresponding to by,, a threshold of the bit field
#2is k, =0.25.

[0084] In this manner, the vector set C and D; can be determined by using indication information including a relatively
small quantity of bits. In an extreme case, at least two vectors and DJ- that corresponds to each of the at least two vectors
can be determined by using only one bit field (H = 1).

[0085] Optionally, the indication information sent by the network device may include indication information (denoted
as indication information #4) of by, and the terminal device may determine by, based on the indication information #4.
[0086] In a possible implementation, the indication information #4 includes H bits, and an ht" bit is used to indicate bfh.
[0087] For example, H = 4, the indication information sent by the network device includes T bits, and the T bits are in
one-to-one correspondence with T vectors in T vector sets B. For example, T = 8, a bitmap is 00001111, the indication
information #4 includes four least significant bits of the bitmap, and an hth bit in the four least significant bits indicates by,.
[0088] Optionally, in this embodiment of this application, the indication information may alternatively be indication
information #5. The indication information #5 may indicate both the vector set C and D, to Dg_4.

[0089] Specifically, the indication information #5 is T bit fields. The T bit fields are in one-to-one correspondence with
T vectors included in B, each of the T bit fields includes E bits, E is greater than or equal to 1, and a tth bit field in the T
bit fields is used to indicate whether a vector b, 4 belongs to the vector set C, where 1 <t <T.

[0090] In this manner, a bitmap of the T bits is used to determine a restricted vector, and the indication information of
the S sets D to Dg_¢ includes only S or H bit fields. In this way, when S is relatively small, a quantity of bits required for
indicating the S sets D to Dg_4 can be reduced.

[0091] In a possible implementation, each bit field indicates an element of A, and if a set including elements greater
than or equal to an element indicated by a specific bit group is a proper subset of A, a vector indicated by the bit group
belongs to the vector set C.
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[0092] Forexample, E=3, T =8, and S = 7. The indication information sent by the network device includes eight bit
fields (denoted as a bit field #1 to a bit field #8). The bit field #1 to the bit field #8 are in one-to-one correspondence with
T vectors in the vector set B. To be specific, the bit field #1 corresponds to by, the bit field #2 corresponds to by, ..., and
the bit field #8 corresponds to b;. Each bitfield includes three bits, and each bitfield indicates an element of Ay. Description

is given with reference to Table 4.

Table 4
by b, b, bs b, bg bg b,
S;t field Bit field #2 Bit field #3 Bit field #4 Bit field #5 Bit field #6 | Bit field #7 zgt field
[000] [001] [010] [011] [100] [101] [110] [111]
0 V00156 | +/0.0313 | /0.0625 | +0.125 | 40.25 | 0.5 |1
[0093] Referring to Table 1, each of the bit field #2 to the bit field #8 is used to indicate a non-zero element of A,. The

bit field #2 to the bit field #8 are in one-to-one correspondence with vectors in the set C, and the bit field #2 to the bit
field #8 may be used to indicate D to Dg.

[0094] For example, the bit field #2 is 001, indicating an element /O 0156 of Ag. All elements greater than

,/O_ 0156 in Ayform Dy, that is:

D, = {1,4/0.5,+/0.25,+/0.125,+/0.0625,4/0.0313

[0095]
[0096]

toaset {1,1/0.5,v0.25,/0.125,4/0.0625,4/0.0313,4/0.0156 |. The setis Ay; therefore, b does not belong

to the vector set C.

[0097] In another possible implementation, the E bits are respectively used to indicate E elements of A,. If bits of a
specific bit field are all zeros or all ones, it indicates that a vector corresponding to the bit field does not belong to the
vector set C, and a vector corresponding to a bit field whose bits are not all zeros or ones belongs to the vector set C.
[0098] Forexample, E=8, T =8, and S = 7. The indication information sent by the network device includes eight bit
fields (denoted as a bit field #1 to a bit field #8). The bit field #1 to the bit field #8 are in one-to-one correspondence with
T vectors in the vector set B. To be specific, the bit field #1 corresponds to by, the bit field #2 corresponds to b, ... and
the bit field #8 corresponds to by.

[0099] Each bit field includes eight bits. In an order from a most significant bit to a least significant bit, bits of a bit field
respectively indicate a first element to an eighth element of AQ. A bit thatis 0 or 1 indicates that a corresponding element
belongs to D/-. For example, a bit that is 0 indicates that a corresponding element belongs to D/-. If the bit field #1 is

11000000, it determined that a set D,

Likewise, D4 to Dg may be determined respectively based on the bit field #3 to the bit field #8.
The bitfield #1 is 000, indicating an element 0 of Aj,. All elements greater than 0in Ay form b, which corresponds

may be corresponding to the bit field #1 s

Do — {1, '10.5,\/0.25,w/0.125,w/0.0625,w/0.03 13}‘ If the bit field #2 is 11100000, it may be determined that a

set D4 corresponding to the bit field #2 is D, = {1,4/()_5,\/0‘25,\/0‘]25,\/0_0625}_ If the bit field #8 is 11111111,

it indicates that all elements in A, can be used and then b; corresponding to the bit field #8 does not belong to the vector
set C. Bit fields separately corresponding to the bit field #3 to the bit field #7 are not all ones, and D to Dg may be
determined respectively based on the bit field #3 to the bit field #7.

[0100] Optionally, a value range of p; N is a set A, the indication information is further used to indicate S sets

-1
Eo to Eg.q, Eq to Eg 4 are respectively in one-to-one correspondence with ¢, to ¢ 4, and E; is a proper subset of A.

[0101] The second precoding matrix set still does not include W = W, X W, that satisfies the following condition in
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the first precoding matrix set:
1
the xt" column vector included in X of Wy is the vector ¢;, and a second product factor D: 1,5 of at least one of

elements in row x and row x+M of W, that corresponds to c; belongs to E;.

[0102] Specifically, the S sets E( to Eg_4 may be indicated with reference to the foregoing described method. The
terminal device may determine the second precoding matrix set based on the set C, the sets Dy to Dg_¢, and the sets
E, to Eg_¢. For brevity, details about how the indication information indicates the sets E; to Eg_4 are not described herein
again.

[0103] According to the method in this embodiment of this application, more refined codebook restriction can be
achieved by restricting both a wideband amplitude and a subband amplitude.

[0104] It should be understood that, in this embodiment of this application, pi,yfl,xfl may be 1, and the element

W, (x,y) in row x and column y of W, satisfies Wz(x, y) — poo - ><p02 - and the element Wy(x+M,y) in row
>Y L, X— ,y—L,x—1»

x+M and column y of W, satisfies W, (x+ M, y) = plo,yf],x,l X plz,y,l,x,l .

[0105] Optionally,inthis embodiment of this application, the network device may send the plurality of pieces of indication
information by using higher layer signaling. In other words, the higher layer signaling may carry the plurality of pieces
of indication information.

[0106] Forexample, the higherlayer signaling may be radio resource control (Radio Resource Control, RRC) signaling
or a Media Access Control-control element (Media Access Control-Control Element, MAC CE).

[0107] Optionally, the method may further include:

S230. The network device sends a CSI-RS to the terminal device.

[0108] S240. The terminal device determines a channel matrix based on the CSI-RS, and determines, based on the
channel matrix, a first PMI used to indicate W, and a second PMI used to indicate W,.

[0109] The network device may determine, based on the first PMI and the second PMI, a precoding matrix to be used
when the network device sends data to the terminal device.

[0110] FIG. 3 is a schematic block diagram of a communications apparatus according to an embodiment of this
application. The communications apparatus 300 shown in FIG. 3 includes a receiving unit 310 and a processing unit 320.
[0111] The receiving unit 310 is configured to receive indication information.

[0112] The processing unit320 is configured to determine, based on the indication information received by the receiving
unit, a second precoding matrix set from a first precoding matrix set whose rank is R.

[0113] Each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of N, rows and

0
R columns, N is greater than or equal to R, Wy satisfies W, = { 0 X|’ X = [byy by ). by is an Ny2x1 vector,

bki belongs to a vector set B = {bg, b4, -, br_4}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix of
2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x,y)= p(())y—l X Do - ngy—l ., an element Wy(x+My) in row x+M and column y of W, satisfies
_ 0 1 2 0 e 1 ,
W, (x+M,y)= Diyas1 X Pryae1 X Plyax1s P-, 1, isafirstproductfactor, p_ ., isasecond prod-

uct factor, plzyil . is a third product factor, 0 < x <M, 0 <y <R, a value range of pzo vl is a set Ag, z belongs

1

0 0 ; 1 1 .
to {0,1}, 1> D. > 0, pz,yil,kl is a real number, | > pz,yil,H > (), pz,yfl,xfl is a real number, and

,y—1,x-1
2 . .
Pzyaya 182 complex number whose modulus is 1.

[0114] The indication information includes indication information of S sets D to Dg_4, D, to Dg_4 are respectively in
one-to-one correspondence with ¢, to ¢4 in a vector set C = {cq, ¢4, =", €5.4}, any vector ¢;in C belongs to B, D; is a
proper subset of Aj, S-12j20, and j is an integer.

[0115] The second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xt" column vector included in X of Wy is the vector ¢;, and a first product factor pg R of at least one of elements

13



10

15

20

25

30

35

40

45

50

55

EP 3 468 094 A1

in row x and row x+M of W, belongs to D,.

[0116] FIG. 4 is a schematic block diagram of a communications apparatus according to an embodiment of this
application. The communications apparatus 400 shown in FIG. 4 includes a processing unit 410 and a sending unit 420.
[0117] The processing unit 410 is configured to generate indication information, where the indication information is
used by a terminal device to determine a second precoding matrix set from a first precoding matrix set whose rank is R.
[0118] The sending unit 420 is configured to send the indication information generated by the generation unit.

[0119] Each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X 0

R columns, Nt is greater than or equal to R, W, satisfies W, = , X = [by, - by, 4], by is an Ny/2X1 vector,

X

bk,. belongs to a vector set B={b, by, -, by4}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix of
2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x,y)= pooyfl 1 X pé — ngy—l .4, an element Wy(x + M, y) in row x+M and column y of W, satisfies

0 1 2 0 e 1 .
W, (x +M, y) = Pryac1 X Plyas1 X Piyasi> Peyiga 1S afirst product factor, Dzy1yqiS@ second product

factor, plzyil o is a third product factor, 0 <x <M, 0 <y <R, a value range of pzo b1 is a set Ay, z belongs to {0,1},

x—1

0 0 ; 1 1 ; 2
1> Peyina = 0, Peyix isarealnumber, 1 > Poyians = 0, y is areal number, and 2

is a complex number whose modulus is 1.

[0120] The indication information includes indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢, to ¢g ¢ in a vector set C = {¢, ¢4, -, €.}, any vector c in C belongs to B, D/- isa
proper subset of Ay, S-1>j>0, andjis an integer.

[0121] The second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not include W = W,; X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector included in X of W/ is the vector ¢, and a first product factor pzo N of at least one of elements

in row x and row x+M of W, belongs to D,.

[0122] Optionally, in an embodiment, the indication information of the S sets D, to Dg_4 includes S bit fields, the S bit
fields are in one-to-one correspondence with D, to Dg_4, each bit field includes at least one bit, a bit field corresponding
to D/- indicates an element gj of Ay, and any element of D/- is greater than gj-

[0123] Optionally, in an embodiment, any vector ¢; of C and any element D{v) of D; satisfy the following condition:

D,m)xlb,, } e, |> &,

where bfh is a vector of B, kj, 2 0, ky, is a real number, H>h>1,T-1>f,20,H>1, and H is an integer.
[0124] Optionally, in an embodiment, C includes at least M mutually orthogonal vectors, and any M mutually orthogonal

vectors ¢, ¢\, ", €, , and elements D/-O(vo), Dj1(v1), D/-M_1(VM_1) satisfy the following condition:

2 2 2
+‘Djl(v1)><(bfh)ﬁ ><cj1| +---,+DjM71(vM71)><(bfh)H ><ch71|

D, o)+, 00+ D, o)

‘D]'o (VO) x (bfh )H x€y

>k,

- D;

where D;(vg), Dj,(v4), -, Dj,, (V1) are elements of sets D;, D; vt

areal number, H>h>1,T-1>f,>0,H>1,and His an i/rsteg/ér.
[0125] Optionally, in an embodiment, the indication information of the S sets D to Dg_4 includes H bit fields, and an
hth bit field is used to indicate k;,.

[0126] Optionally, in an embodiment, the indication information further includes indication information of the vector
set C, the indication information of the vector set C is T bits, the T bits are in one-to-one correspondence with T vectors
included in B, and a tth bit in the T bits is used to indicate whether a vector b;_4 belongs to the vector set C, where 1<t<T.
[0127] Optionally, in an embodiment, the indication information of the S sets Dy to Dg_4 is further used to indicate the
vector set C, the indication information of the S sets D, to Dg_4 is T bit fields, the T bit fields are in one-to-one corre-
spondence with T vectors included in B, each of the T bit fields includes E bits, E is greater than or equal to 1, and a tth

respectively, bfh is a vector of B, k,, 2 0, k;, is
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bit field in the T bit fields is used to indicate whether a vector b,y belongs to the vector set C, where 1 <t <T.

[0128] Optionally, in an embodiment, a value range of p; vl is asetAy;

-1
the indication information further includes indication information of S sets Ej to Eg_4, E to Eg_4 are respectively in one-
to-one correspondence with ¢, to ¢g_4 in the vector set C={c, ¢4, -, €54}, and E; is a proper subset of A; and

the second precoding matrix set still does not include W = W, X W, that satisfies the following condition in the first
precoding matrix set:

the xth column vector included in X of Wy is the vector ¢; and a second product factor p; - of at least one of

elements in row x and row x+M of W, that corresponds to ¢; belongs to E;.

[0129] In an optional embodiment, the receiving unit 310 may be a transceiver 540, the determining unit 320 may be
a processor 520, and the communications apparatus may further include an input/output interface 530 and a memory
510, specifically as shown in FIG. 5.

[0130] FIG. 5is a schematic block diagram of a terminal device according to another embodiment of this application.
The terminal device can perform all the methods in the foregoing embodiments; therefore, for specific details, refer to
descriptions in the foregoing embodiments. Details are not described herein again to avoid repetition. The terminal
device 500 shown in FIG. 5 may include: amemory 510, a processor 520, an input/output interface 530, and a transceiver
540. The memory 510, the processor 520, the input/output interface 530, and the transceiver 540 are connected to each
other by using an internal connection path. The memory 510 is configured to store an instruction. The processor 520 is
configured to execute the instruction stored in the memory 510, to control the input/output interface 530 to receive data
and information that are input, and output data such as an operation result, and to control the transceiver 540 to send
a signal.

[0131] The transceiver 540 is configured to receive indication information.

[0132] The processor 520 is configured to determine, based on the indication information received by the receiving
unit, a second precoding matrix set from a first precoding matrix set whose rank is R.

[0133] Each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X 0

R columns, Nt is greater than or equal to R, W, satisfies W1 — , X = [bk0 bkM_1], bk,. is an Ny/2X1 vector,
0 X

bk,. belongs to a vector set B={b, by, -, by4}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix of

2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W,(x,y)= p(())y—l - Xpé it ngy—l _,, an element Wy(x + M, y) in row x+M and column y of W, satisfies

0 1 2 0 - 1 .
W, (x+M,y)= Prytxn X Piytsa X Piytsd> Poy 1. Safirstproductfactor, p. -, isasecond product

is a set A, z belongs to {0,1},

factor, plzyil o is a third product factor, 0 <x<M, 0 <y <R, avalue range of pg vl

1> pg,yil,xil > (), pzo,yil,xil is areal number, 1 > pi,yil,H > (), pl,yil,xil is a real number, and pzz,yil,xil
is a complex number whose modulus is 1.

[0134] The indication information includes indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢ to ¢ 4 in a vector set C = {cy, €45 ", €54}, any vector ¢; in C belongs to B, D;is a
proper subset of A;, S-1>j>0, andjis an integer.

[0135] The second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector included in X of W, is the vector ¢, and a first product factor pzo S of at least one of elements

in row x and row x+M of W, belongs to D,.

[0136] It should be understood that, in this embodiment of this application, the processor 520 may use a general-
purpose central processing unit (Central Processing Unit, CPU), a microprocessor, an application-specific integrated
circuit (Application-Specific Integrated Circuit, ASIC), or one or more integrated circuits to execute a related program to
implement the technical solutions provided in this embodiment of this application.

[0137] It should be further understood that the transceiver 540 is also referred to as a communications interface, and
uses a transceiver apparatus, for example but not limited to a transceiver, to implement communication between the
terminal 500 and another device or a communications network.

[0138] The memory 510 may include a read-only memory and a random access memory, and provides the processor
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520 with data and an instruction. A part of the processor 520 may further include a non-volatile random access memory.
For example, the processor 520 may further store device type information.

[0139] During implementation, the steps in the foregoing methods may be completed by an integrated logic circuit of
hardware in the processor 520 or by an instruction in a software form. The methods for determining a precoding matrix
setdisclosed in the embodiments of this application may be directly embodied as being executed by a hardware processor,
or executed by a combination of hardware of a processor and a software module. The software module may be located
in a mature storage medium in the art, such as a random access memory, a flash memory, a read-only memory, a
programmable read-only memory or an electrically erasable programmable memory, or a register. The storage medium
is located in the memory 510. The processor 520 reads information in the memory 510, to complete the steps of the
methods in combination with hardware of the processor 520. Details are not described herein again to avoid repetition.
[0140] It should be understood that, in this embodiment of this application, the processor may be a central processing
unit (central processing unit, CPU), or the processor may be another general purpose processor, a digital signal processor
(digital signal processor, DSP), an application-specific integrated circuit (application-specific integrated circuit, ASIC),
afield programmable gate array (field programmable gate array, FPGA) or another programmable logic device, a discrete
gate or transistor logic device, a discrete hardware component, or the like. The general purpose processor may be a
microprocessor, or the processor may be any conventional processor or the like.

[0141] In an optional embodiment, the sending unit 420 may be a transceiver 640, the processing unit 410 may be a
processor 620, and the communications apparatus may further include an input/output interface 630 and a memory 610,
specifically as shown in FIG. 6.

[0142] FIG. 6 is a schematic block diagram of a network device according to another embodiment of this application.
The network device can perform all the methods in the foregoing embodiments; therefore, for specific details, refer to
descriptions in the foregoing embodiments. Details are not described herein again to avoid repetition. The network device
600 shown in FIG. 6 may include: a memory 610, a processor 620, an input/output interface 630, and a transceiver 640.
The memory 610, the processor 620, the input/output interface 630, and the transceiver 640 are connected to each
other by using an internal connection path. The memory 610 is configured to store an instruction. The processor 620 is
configured to execute the instruction stored in the memory 610, to control the input/output interface 630 to receive data
and information that are input, and output data such as an operation result, and to control the transceiver 640 to send
a signal.

[0143] The processor 620 is configured to generate indication information, where the indication information is used
by a terminal device to determine a second precoding matrix set from a first precoding matrix set whose rank is R.
[0144] The transceiver 640 is configured to send the indication information generated by the processor.

[0145] Each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X

R columns, Ntis greater than or equal to R, W satisfies W, = , X=[by, by, ], by is an Ny2X1 vector,
0 X

bk,. belongs to a vector set B={b, by, -, by4}, T is a quantity of vectors in B, T > M, T is an integer, W, is a matrix of

2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x, y) = pooyfl X pé e ><pozyfl .1, anelement Wy(x + M, y) in row x+M and column y of W, satisfies

0 1 2 0 . . 1 .
W, (x+M,y)= Piytxn X Piytga X Diysi> Pzy1c isafirstproductfactor, p. -, isasecondproduct

factor, plzyfl . is a third product factor, 0 < x < M, 0 <y <R, a value range of pzo v is a set Aj, z belongs to

x—1

0 0 ; 1 1 ;
{0,1}, 1 > Diyina = 0, Dzyiyq 88 real number, | > p_ >0, Deyicn 82 real number, and

,y—1,x-1
pzzyil .1 Is acomplex number whose modulus is 1.

[0146] The indication information includes indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢ to ¢ 4 in a vector set C = {cy, €45 ", €54}, any vector ¢; in C belongs to B, D;is a
proper subset of Ay, S-1>j>0, andjis an integer.

[0147] The second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not include W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector included in X of W, is the vector ¢, and a first product factor pzo N of at least one of elements

in row x and row x+M of W, belongs to D,.

[0148] It should be understood that, in this embodiment of this application, the processor 620 may use a general-
purpose central processing unit (Central Processing Unit, CPU), a microprocessor, an application-specific integrated
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circuit (Application-Specific Integrated Circuit, ASIC), or one or more integrated circuits to execute a related program to
implement the technical solutions provided in this embodiment of this application.

[0149] It should be further understood that the transceiver 640 is also referred to as a communications interface, and
uses a transceiver apparatus, for example but not limited to a transceiver, to implement communication between the
terminal 600 and another device or a communications network.

[0150] The memory 610 may include a read-only memory and a random access memory, and provides the processor
620 with data and an instruction. A part of the processor 620 may further include a non-volatile random access memory.
For example, the processor 620 may further store device type information.

[0151] During implementation, the steps in the foregoing methods may be completed by an integrated logic circuit of
hardware in the processor 620 or by an instruction in a software form. The methods for determining a precoding matrix
setdisclosed in the embodiments of this application may be directly embodied as being executed by a hardware processor,
or executed by a combination of hardware of a processor and a software module. The software module may be located
in a mature storage medium in the art, such as a random access memory, a flash memory, a read-only memory, a
programmable read-only memory or an electrically erasable programmable memory, or a register. The storage medium
is located in the memory 610. The processor 620 reads information in the memory 610, to complete the steps of the
methods in combination with hardware of the processor 620. Details are not described herein again to avoid repetition.
[0152] It should be understood that, in this embodiment of this application, the processor may be a central processing
unit (central processing unit, CPU), or the processor may be another general purpose processor, a digital signal processor
(digital signal processor, DSP), an application-specific integrated circuit (application-specific integrated circuit, ASIC),
afield programmable gate array (field programmable gate array, FPGA) or another programmable logic device, a discrete
gate or transistor logic device, a discrete hardware component, or the like. The general purpose processor may be a
microprocessor, or the processor may be any conventional processor or the like.

[0153] A person of ordinary skill in the art may be aware that, in combination with the examples described in the
embodiments disclosed in this specification, units and algorithm steps may be implemented by electronic hardware or
a combination of computer software and electronic hardware. Whether the functions are performed by hardware or
software depends on particular applications and design constraint conditions of the technical solutions. A person skilled
in the art may use different methods to implement the described functions for each particular application, but it should
not be considered that the implementation goes beyond the scope of this application.

[0154] It may be clearly understood by a person skilled in the art that, for the purpose of convenient and brief description,
for a detailed working process of each foregoing system, apparatus, or unit, reference may be made to a corresponding
process in the foregoing method embodiments, and details are not described herein again.

[0155] In the several embodiments provided in this application, it should be understood that the disclosed systems,
apparatuses, and methods may be implemented in other manners. For example, the described apparatus embodiments
are merely examples. For example, the unit division is merely logical function division and may be other division in actual
implementation. For example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual couplings or direct
couplings or communication connections may be implemented by using some interfaces. The indirect couplings or
communication connections between the apparatuses or units may be implemented in electronic, mechanical, or other
forms.

[0156] The units described as separate parts may or may not be physically separate, and parts displayed as units
may or may not be physical units, may be located in one position, or may be distributed on a plurality of network units.
Some or all of the units may be selected according to actual requirements to achieve the objectives of the solutions of
the embodiments.

[0157] In addition, functional units in the embodiments of this application may be integrated into one processing unit,
or each of the units may exist alone physically, or two or more units are integrated into one unit.

[0158] When the functions are implemented in the form of a software functional unit and sold or used as an independent
product, the functions may be stored in a computer-readable storage medium. Based on such an understanding, the
technical solutions of this application essentially, or the part contributing to the prior art, or some of the technical solutions
may be implemented in a form of a software product. The software product is stored in a storage medium, and includes
several instructions for instructing a computer device (which may be a personal computer, a server, or a network device)
to perform all or some of the steps of the methods described in the embodiments of this application. The foregoing
storage medium includes: any medium that can store program code, such as a USB flash drive, a removable hard disk,
aread-only memory (Read-Only Memory, ROM), arandom access memory (Random Access Memory, RAM), a magnetic
disk, an optical disc, or the like.

[0159] The foregoing descriptions are merely specific implementations of this application, but are not intended to limit
the protection scope of this application. Any variation or replacement readily figured out by a person skilled in the art
within the technical scope disclosed in this application shall fall within the protection scope of this application. Therefore,
the protection scope of this application shall be subject to the protection scope of the claims.
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1. A method for determining a precoding matrix set, comprising:

receiving, by a terminal device, indication information; and

determining, by the terminal device based on the indication information, a second precoding matrix set from a
first precoding matrix set whose rank is R, wherein

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X 0

R columns, Ntis greater than or equal to R, W, satisfies W, = , X =[by, - by, by, is an Ny2Xx1

vector, bk,. belongs to a vector set B={b, b4, -, b1_4}, T is a quantity of vectors in B, T> M, T is an integer, W,
is a matrix of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x,y)= p(())y—l X Do i ngy—l .., anelement Wy(x + M, y) in row x+M and column y of W,

0

satisfies W, (x+M,y)= Py

1 2 0 o 1
XPlyax1 X Pryavts Peyixa i afirst product factor, p_ .,

is a second product factor, plzyil . is a third product factor, 0 <x <M, 0 <y <R, a value range of pZO yol vl

-1

is a set Ay, z belongs to {0,1}, ] > pg,y,l,x,l >0, pzo,y,l,x,l is a real number, | > p! x>0,

pl is a real number, and p2 is a complex number whose modulus is 1;
z,y—1,x-1 z,y—1,x

-1
the indication information comprises indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢, to cg 4 in a vector set C = {c, ¢4, **, €51}, any vector c in C belongs to B,
D/- is a proper subset of Ay, S-12j>0, and j is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector comprised in X of W, is the vector c;, and a first product factor pg N of at least one

of elements in row x and row x+M of W, belongs to D.

2. A method for determining a precoding matrix set, comprising:

generating, by a network device, indication information, wherein the indication information is used by a terminal
device to determine a second precoding matrix set from a first precoding matrix set whose rank is R; and
sending, by the network device, the indication information, wherein

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X 0

R columns, Ntis greater than or equal to R, W, satisfies W1 = , X =1[by, by, ], by, is an Ny2Xx1
0 X

vector, bk,. belongs to a vector set B={b, b4, -, b4}, T is a quantity of vectors in B, T> M, T is an integer, W,

is a matrix of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W,(x,y)= p(())y—l - Xpé it ngy—l _,, an element Wy(x + M, y) in row x+M and column y of W,

ofi _ .0 1 2 0 f ! 1
satisfies W2 (x + M’ y) - pl,y—l,x—l X pl,y—l,x—l x pl,yfl,xfl ° pZ,yfl,xfl is a first pI'OdUCt factor, pz,y—l,x—l

is a second product factor, plzyfl 1 is a third product factor, 0 <x<M, 0 <y <R, a value range of pg N

is a set Ag, z belongs to {0,1}, | > pzoyil > (), pg,yil,xil is a real number, 1 > p; o

> 0,

1 . 2 . .
P.y1 iSa real number, and p_ is a complex number whose modulus is 1;

,y—1,x-1
the indication information comprises indication information of S sets D to Dg_1, Dy to Dg_4 are respectively in
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one-to-one correspondence with ¢, to cg 4 in a vector set C = {c, ¢4, -, €51}, any vector c in C belongs to B,
D/- is a proper subset of Ay, S-12j>0, and j is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector comprised in X of W is the vector ¢;, and a first product factor pzo N of at least one

of elements in row x and row x+M of W, belongs to D.

The method according to claim 1 or 2, wherein the indication information of the S sets D, to Dg_q comprises S bit
fields, the S bit fields are in one-to-one correspondence with D, to Dg_4, each bit field comprises at least one bit, a
bit field corresponding to D/- indicates an element 9j of Ay, and any element of D/- is greater than gj-

The method according to claim 1 or 2, wherein any vector c of C and any element D/-(v) of D/- satisfy the following
condition:

D, 0)x(b, F xe | >,
wherein bfh is a vector of B, kj, 2 0, ky, is a real number, H>h>1,T-1>f,2>0,H>1, and H is an integer.

The method according to claim 1 or 2, wherein C comprises at least M mutually orthogonal vectors, and any mutually

M orthogonal vectors Cjo» Cjy s Cjppq and elements D/-O(vo), Dj1(v1), D/-M_1(VM_1) satisfy the following condition:

|2

‘D]'o (VO)X(bfh )H ><c]'0|2 +‘D]'1 (VI)X (bfh )H ><le|2 +”"+DjM—1 (val)X (bfh )H *€

D, o) Dy, 0 44 [P, )|

>k,

wherein D/-O(vo), Dj1(v1), D/-M_1(VM_1) are elements of sets D/-O, D/'1’ D/-M_1

0, k, is areal number, H>h>1,T-1>f,>0,H>1, and H is an integer.

respectively, bfh is a vector of B, k,, >

The method according to claim 5, wherein the indication information of the S sets D to Dg_4 comprises H bit fields,
and an hth bit field is used to indicate k;,.

The method according to any one of claims 1 to 3, wherein the indication information further comprises indication
information of the vector set C, the indication information of the vector set C is T bits, the T bits are in one-to-one
correspondence with T vectors comprised in B, and a tt bit in the T bits is used to indicate whether a vector b; 4
belongs to the vector set C, wherein 1 <t<T.

The method according to any one of claims 1 to 3, wherein the indication information of the S sets D to Dg_¢ is
further used to indicate the vector set C, the indication information of the S sets D, to Dg_4 is T bit fields, the T bit
fields are in one-to-one correspondence with T vectors comprised in B, each of the T bit fields comprises E bits, E
is greater than or equal to 1, and a tth bit field in the T bit fields is used to indicate whether a vector b, 4 belongs to
the vector set C, wherein 1 <t<T.

The method according to any one of claims 1 to 8, wherein a value range of p; is asetAy;

y—1,x-1
the indication information further comprises indication information of S sets E; to Eg_4, Eo to Eg_4 are respectively
in one-to-one correspondence with ¢ to cg_q in the vector set C={cq, ¢4, -, €5.1}, and E; is a proper subset of A¢;
and the second precoding matrix set still does not comprise W = W, X W,, that satisfies the following condition in

the first precoding matrix set: the xth column vector comprised in X of W, is the vector cj and a second product

factor pi N of at least one element of the elements in row x and row x+M of W, that corresponds to c; belongs

to E/-.

10. A communications apparatus, comprising:
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a receiving unit, configured to receive indication information; and

a processing unit, configured to determine, based on the indication information received by the receiving unit,
a second precoding matrix set from a first precoding matrix set whose rank is R, wherein

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

0

R columns, Nt is greater than or equal to R, W, satisfies W, = , X=[by, by, ], by is an Ny2x1

X

vector, bk,. belongs to a vector set B={b, b4, -, b1_4}, T is a quantity of vectors in B, T> M, T is an integer, W,
is a matrix of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

W, (x, y):p(())y—l o Xpé e ngy—l ., an element Wy(x + M, y) in row x+M and column y of W,

. e _ 0 1 2 0 . . 1
satisfies W, (x +M, y) = Diyrxd X Piyawa X Prytnits Poy1. 1S afirstproduct factor, D ytna

is a second product factor, plzyil . is a third product factor, 0 <x <M, 0 <y <R, a value range of pzo M

-1

is a set Ag, z belongs to {0,1}, 1 > pgyil .1 =0, pzo,yfl,xfl is a real number, 1 > pi,yfl,xfl

>0, 1

1 . . .
2 P, 1. isareal number, and pzz,yil,x is a complex number whose modulus is 1;

-1
the indication information comprises indication information of S sets D to Dg_1, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢, to cg 4 in a vector set C = {c, ¢4, -, €51}, any vector c in C belongs to B,
D/- is a proper subset of Ay, S-1>j>0, andj is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W, that satisfies the following condition in the first precoding matrix

set: an xt" column vector comprised in X of W, is the vector ¢; and a first product factor pg vl of at least

one of elements in row x and row x+M of W, belongs to D;.

11. A communications apparatus, comprising:

a processing unit, configured to generate indication information, wherein the indication information is used by
aterminal device to determine a second precoding matrix set from a first precoding matrix set whose rankis R; and
a sending unit, configured to send the indication information generated by the generation unit, wherein

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

R columns, Ntis greater than or equal to R, W/ satisfies W, = , X=[byy by, 1, by is an Ny/2x1

vector, bk,. belongs to a vector set B={b, b4, -, b4}, T is a quantity of vectors in B, T> M, T is an integer, W,
is a matrix of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

0 1 2 .
Wz(x, y)= P0y151 X Poyt1si X Doy, 3N element Wolx + M, y) in row x+M and column y of W,
satisfies W. (x +M )— 0 x pl X p? 0 is a first product factor, p'

2 s Y= Py X Pryasa X Pryasas Poy1x1 v Pz yxa

is a second product factor, plzyil o

is a third product factor, 0 <x <M, 0 <y <R, a value range of pg,yfl,xfl
. 0 . 1
is a set A, z belongs to {0,1}, 1 > Poyina 2 0, pzo,yil,kl is a real number, 1 > Py = 0,

pl is a real number, and p2 is a complex number whose modulus is 1;
z,y—1,x-1 z,y-1,

x—1
the indication information comprises indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢y to ¢g_4 in a vector set C = {c, ¢4, =+, €54}, any vector c;in C belongs to B,
D/- is a proper subset of Ay, S-12j>0, and j is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W,, that satisfies the following condition in the first precoding matrix set:
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an xth column vector comprised in X of W/ is the vector c and a first product factor po Lot of at least one
Z,Yy—1x=

of elements in row x and row x+M of W, belongs to D;.

The communications apparatus according to claim 10 or 11, wherein the indication information of the S sets D, to
Dg 1 comprises S bit fields, the S bit fields in one-to-one correspondence with D, to Dg_4, each bit field comprises
at least one bit, a bit field corresponding to D/- indicates an element 9 of Ay, and any element of D/- is greater than gj-

The communications apparatus according to claim 10 or 11, wherein any vector ¢; of C and any element D{(v) of D;
satisfy the following condition:

D,m)xlb,, } e, |> &,
wherein bfh is a vector of B, k, > 0, k,, is a real number, H>h>1,T-1>f,>0,H>1, and H is an integer.
The communications apparatus according to claim 10 or 11, wherein C comprises at least M mutually orthogonal

vectors, and any M mutually orthogonal vectors ¢y, ¢;;, - and elements Dj(vp), D;,(v4), -, Dj,, (Var4) satisfy
the following condition:

" G

2 2 2
‘Djo(vo)x(bfh)ﬁxcjo| +‘Djl(v1)><(bfh)ﬁ ><ch| beetD, oy xb, ) ><ch71|

D, o)+, 00+ D, o)

>k,

wherein D/-O(vo), Dj1(v1), D/-M_1(VM_1) are elements of sets D/-O, D/'1’ D/-M_1

0, ky, isarealnumber, H>h>1,T-12>f,>0,H>1, and H is an integer.

respectively, bfh is a vector of B, k;, >

The communications apparatus according to claim 14, wherein the indication information of the S sets D to Dg_4
comprises H bit fields, and an hth bit field is used to indicate Kp-

The communications apparatus according to any one of claims 10 to 15, wherein the indication information further
comprises indication information of the vector set C, the indication information of the vector set C is T bits, the T
bits are in one-to-one correspondence with T vectors comprised in B, and a tth bit in the T bits is used to indicate
whether a vector b, 4 belongs to the vector set C, wherein 1 <t <T.

The communications apparatus according to any one of claims 10 to 15, wherein the indication information of the
S sets D to Dg_4 is further used to indicate the vector set C, the indication information of the S sets Dyto Dg_ 4 is T
bit fields, the T bit fields are in one-to-one correspondence with T vectors comprised in B, each of the T bit fields
comprises E bits, E is greater than or equal to 1, and a tth bit field in the T bit fields is used to indicate whether a
vector b, 4 belongs to the vector set C, wherein 1 <t<T.

The communications apparatus according to any one of claims 10 to 17, wherein a value range of pi N isa

set A;; the indication information further comprises indication information of S sets Ejto Eg 4, Ejto Eg_¢ are respec-
tively in one-to-one correspondence with ¢, to ¢g_4 in the vector set C = {cy, ¢4, ", €51}, and E; s a proper subset
of A4; and the second precoding matrix set still does not comprise W = W, X W, that satisfies the following condition

in the first precoding matrix set: the xt" column vector comprised in X of W, is the vector c and a second product

factor pl i of at least one element of the elements in row x and row x+M of W, that corresponds to G belongs

to E/-.
A communications apparatus, comprising:
a transceiver, configured to receive indication information; and

a processor, configured to determine, based on the indication information received by the transceiver, a second
precoding matrix set from a first precoding matrix set whose rank is R, wherein
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each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of Nt rows and

X 0

R columns, Nt is greater than or equal to R, W satisfies W1 = , X=[byy by, ], by is an Ny2X1
0 X

vector, bk,. belongs to a vector set B={b, by, ---, b1_4], T is a quantity of vectors in B, T > M, T is an integer, W,

is a matrix of 2M rows and R columns, an element Wy(x,y) in row x and column y of W, satisfies

Wz(x, y) = pooyfl o xpé Ll ngy—l .4, an element Wy(x + M, y) in row x+M and column y of W,

. e 0 1 2 0 . . 1
satisfies W, (x +M, y) = Diytea X Prysa X Diytnt s P, 1. isafirstproduct factor, -

. 2
is a second product factor, p; I

is a third product factor, 0 <x <M, 0 <y <R, a value range of pzo yle

>0,

is a set A, z belongs to {0,1}, 1 > pgyil g > (), pg,yil,xil is a real number, 1 > pi,yfl,xfl

pl is a real number, and p2 is a complex number whose modulus is 1;
z,y—1,x-1 z,y-1,

x—1
the indication information comprises indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢, to cg 4 in a vector set C = {c, ¢4, -, €51}, any vector c in C belongs to B,
D/- is a proper subset of Ay, S-1>j>0, andj is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector comprised in X of W, is the vector cj and a first product factor po Lo of at least one
Z,Yy—1x=

of elements in row x and row x+M of W, belongs to D.

20. A communications apparatus, comprising:

a processor, configured to generate indication information, wherein the indication information is used by a
terminal device to determine a second precoding matrix set from a first precoding matrix set whose rank is R; and
a transceiver, configured to send the indication information generated by the processor, wherein

each precoding matrix W in the first precoding matrix set satisfies W = W, X W,, W is a matrix of N, rows and

R columns, N is greater than or equal to R, W satisfies W, = , X=1[by, by, 1, by is an Ny2x1

vector, bk,. belongs to a vector set B = {by, by, -, b14}, T is a quantity of vectors in B, T > M, T is an integer,
W, is a matrix of 2M rows and R columns, an element W5(x,y) in row x and column y of W, satisfies

W,(x,y)= p(())yfl o Xpé e ngy—l ., an element W, (x + M, y) in row x+M and column y of W,

0

satisfies W,(x+M,y)= Pryaxa

1 2 0 - 1
XP1yawa X Pryanas Pzyiya 18 a first product factor, Doy

is a second product factor, plzy Lt is a third product factor, 0 <x <M, 0 <y <R, a value range of po Lo
»Y—Lx— z,y—l,x—

is a set Ag, z belongs to {0,1}, 1 > pg >0, pg,yil,xil is a real number, 1 > pi,yil,H >0,

,y—1,x-1

pl Lo is a real number, and pz2 is a complex number whose modulus is 1;
Z,y—Lx—

,y—1,x-1
the indication information comprises indication information of S sets D to Dg_4, Dy to Dg_4 are respectively in
one-to-one correspondence with ¢, to cg 4 in a vector set C = {c, ¢4, ***, €51}, any vector c in C belongs to B,
D/- is a proper subset of Ay, S-12j>0, and j is an integer; and

the second precoding matrix set is a proper subset of the first precoding matrix set, and the second precoding
matrix set does not comprise W = W, X W, that satisfies the following condition in the first precoding matrix set:

an xth column vector comprised in X of W, is the vector c and a first product factor pg p1x1 of at least one

of elements in row x and row x+M of W, belongs to D.

22



10

15

20

25

30

35

40

45

50

55

21.

22.

23.

24,

25.

26.

27.

28.

29.

EP 3 468 094 A1
The communications apparatus according to claim 19 or 20, wherein the indication information of the S sets D, to
Dg.4 comprises S bit fields, the S bit fields are in one-to-one correspondence with D to Dg_4, each bit field comprises

at least one bit, a bit field corresponding to D; indicates an element g; of Ay, and any element of D, is greater than g;.

The communications apparatus according to claim 19 or 20, wherein any vector c of C and any element D/ v) of D/-
satisfy the following condition:

D, 0)x(b, F xe | >,
wherein bfh is a vector of B, kj, 2 0, ky, is a real number, H>h>1,T-1>f,20,H>1, and H is an integer.
The communications apparatus according to claim 19 or 20, wherein C comprises at least M mutually orthogonal

vectors, and any M mutually orthogonal vectors ¢;,, ¢;,, -, ¢;,,, and elements D; (vg), Dy, (v4), -+, Dj,, (V1) satisfy
the following condition:

2 2 2
‘Djo(vo)x(bfh)ﬁxcjo| +‘Djl(v1)><(bfh)ﬁ ><ch| oD,y x, ><ch71|

|Dj0 (VO)‘2 "'|Dj1 (Vl)|2 + ”'+‘DjM71 ("M—l)‘2

>k,

wherein D/-O(vo), Dj1(v1), D/-M_1(VM_1) are elements of sets D/-O, D/'1’ D/-M_1

0, k, is areal number, H>h>1,T-1>f,>0,H>1, and H is an integer.

respectively, bfh is a vector of B, k;, >

The communications apparatus according to claim 23, wherein the indication information of the S sets D to Dg_4
comprises H bit fields, and an hth bit field is used to indicate K-

The communications apparatus according to any one of claims 19 to 24, wherein the indication information further
comprises indication information of the vector set C, the indication information of the vector set C is T bits, the T
bits are in one-to-one correspondence with T vectors comprised in B, and a tth bit in the T bits is used to indicate
whether a vector b, 4 belongs to the vector set C, wherein 1 <t <T.

The communications apparatus according to any one of claims 19 to 24, wherein the indication information of the
S sets D to Dg_4 is further used to indicate the vector set C, the indication information of the S sets Dyto Dg_4is T
bit fields, the T bit fields are in one-to-one correspondence with T vectors comprised in B, each of the T bit fields
comprises E bits, E is greater than or equal to 1, and a tt bit field in the T bit fields is used to indicate whether a
vector b, 4 belongs to the vector set C, wherein 1 <t<T.

The communications apparatus according to any one of claims 19 to 26, wherein a value range of pi S is a

set Ay;

the indication information further comprises indication information of S sets E( to Eg_4, E to Eg_4 are respectively
in one-to-one correspondence with ¢, to ¢g_4 in the vector set C ={cy, ¢4, =", €5 4}, and E;is a proper subset of A;; and
the second precoding matrix set still does not comprise W = W, X W, that satisfies the following condition in the
first precoding matrix set:

the xth column vector comprised in X of W is the vector ¢;, and a second product factor pi Yyl of at least one

element of the elements in row x and row x+M of W, that corresponds to c; belongs to E;.

A chip system, comprising:
a memory, configured to store a computer program; and
a processor, configured to invoke the computer program from the memory and run the computer program, so
that a communications apparatus on which the chip system is installed performs the method according to any

one of claim 1 and claims 3 to 9.

A chip system, comprising:
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a memory, configured to store a computer program; and

a processor, configured to invoke the computer program from the memory and run the computer program, so
that a communications apparatus on which the chip system is installed performs the method according to any
one of claims 2 to 9.

A computer readable storage medium, comprising a computer program, wherein when the computer program runs
on a computer, the computer performs the method according to any one of claim 1 and claims 3 to 9.

A computer readable storage medium, comprising a computer program, wherein when the computer program runs
on a computer, the computer performs the method according to any one of claims 2 to 9.

A computer program product, comprising a computer program, wherein when the computer program is run, the
method according to any one of claim 1 and claims 3 to 9 is performed.

A computer program product, comprising a computer program, wherein when the computer program is run, the
method according to any one of claims 2 to 9 is performed.
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A network device sends indication information to a terminal,
where the indication information includes indication
information of S sets Dy to Ds.;, Dy to Dg.; are respectively in ~_ S210
one-to-one correspondence with Cg to Cs.;, any vector in C
belongs to B, Dj is a proper subset of Ay, S—1>j>0, and j is
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PMI used to indicate W, and a second PMI used to indicate W,
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